Standard autopsy specimens from 49 infants and children, most with congenital heart disease, were prepared by controlled pressure coronary artery perfusion fixation of the heart. Autopsy measurements of tricuspid (TV) and pulmonary valve (PV) circumferences (Circ), right ventricular (RV) outflow circumference, (Circ), RV inflow and outflow tract lengths, and RV volume (Vol) were correlated with corresponding in vivo end-diastolic (D) and end-systolic (S) measurements from biplane cineangiograms (angio) in the same patients. Correlation of the dimensions studied yielded the following r values: TV 0.72, PV 0.78, D Circ 0.61, S Circ 0.56, D inflow spatial (sp) 0.83, S inflow sp 0.83, D outflow sp 0.87, S outflow sp 0.84, D Vol 0.80, and S Vol 0.80. Mean angio and autopsy values were not significantly different for spatial outflow tract measurements and S Vol. Average autopsy values were lower than all other D angio measurements: (p [diffl < 0.001) and S inflow sp, (p [diffl < 0.05), but higher than all other S angio measurements, (p [diff] < 0.05-0.001). The data show the predictability of the changes in RV morphology with this fixation method and provide a basis for meaningful comparison of quantitative autopsy and angio dimensions of the RV.
THE CORRELATION of left ventricular autopsy measurements of hearts fixed by the controlled pressure coronary artery perfusion method' 3 with angiographic measurements from the same patients has been studied.' The present study represents a correlation of right ventricular dimensions using the same methods. Methods
Study Group
Forty-nine children with congenital and acquired heart disease who underwent diagnostic cardiac catheterization and cineangiography and subsequently came to autopsy at the University of Illinois Hospital, Chicago, Illinois, constituted the study group. The types of heart defects included are shown in table 1. The average age of patients was 2.16 years (range birth to 16.75 years) at angiography. The interval between angiography and autopsy ranged from 0-361 days (average 52 days). Table 2 shows the average intervals and changes in body surface areas in the various age ranges between angiography and autopsy. Thirty-seven patients underwent cardiac surgical procedures, 21 open and 16 closed, during that time. Nine patients had a right ventriculotomy, seven with outflow tract resection. Four of these had an outflow patch and two underwent a Rastelli procedure. tem. Films were recorded at 64 or 80 frames/sec after high-speed injection of 1-2 ml/kg of contrast medium (Conray 400) into the inferior vena cava or right atrium. In a few patients we had to use selective right ventricular injections to visualize adequately the ventricular outlines. Cardiac cycles that had arrhythmias were excluded. The earliest cycle with enough contrast to allow accurate drawing of right ventricular outlines was used. Correction of all measurements for linear x-ray magnification was made using a grid system. ' Various right ventricular dimensions corresponding to measurements at autopsy were measured from the drawings. End-diastolic and end-systolic angiographic measurements were compared with a single autopsy measurement of each dimension except valve circumferences, where only end-diastolic angiographic measurements were made. All measurements could not be made in all patients due to poor visualization at angiography or the presence of valvular atresia or a common atrioventricular valve. Typical angiographic measurements described below are demonstrated in figure 1. The following angiographic measurements were made:
Tricuspid valve circumference (TV) was calculated from the maximum tricuspid valve diameter (d) measured from the superior to inferior aspects of the valve in the lateral view at end-diastole, assuming the valve orifice to be circular, as ird. Patients with common atrioventricular canal were excluded.
Pulmonary valve circumference (PV) was calculated from pulmonary valve diameter measured from the anterior to the posterior border of the valve just below the sinuses of Valsalva in the lateral view at end-diastole, assuming the valve orifice to be circular, as ird.
Right ventricular outflow circumference (Circ) was calculated from diameter measured in the lateral view as the shortest distance from the notch at the posterior border of the outflow just superior and anterior to the superior aspect of the TV to the anterior border of the outflow at end-diastole and end-systole, assuming the cross section of the outflow to be circular, as 7rd.
Direct measurement ofright ventricular inflow tract length was measured as the maximum measured length from the right lateral wall through the area of the TV to the apex in the AP view at end-diastole and end-systole.
Spatial right ventricular inflow tract length (TAS) was calculated from the maximum measured length of the right ventricle from the right lateral wall through the area of the TV to the apex in the AP and lateral views (TAAP, TAL) at end-diastole and end-systole 
Direct measurement of right ventricular outflow tract length was the maximum measured length from the center of the PV to the apex in the lateral view at end-diastole and end-systole.
Spatial right ventricular outflow tract length (PAS)
was calculated from the measured lengths from the center of the pulmonary valve to the apex (PA) in AP and lateral views at end-diastole and end-systole as PAS = X/X + Y2 + Z2 Right ventricular volume was measured at enddiastole and end-systole by the Simpson's rule method.4 Calculated volumes were corrected using a regression equation determined from ventricular cast studies in our laboratory and previously reported,4 V= 0.71V -1.15, where V' = corrected volume and V calculated volume.
Autopsy Methods
After death, routine hospital procedures were followed. No attempt was made to control the time from death to autopsy, and there was no special handling of the body or heart before removal of the specimen for fixation. Details of the procedure are described elsewhere.'-3 Standard autopsy measurements of right ventricular dimensions corresponding to the angiographic measurements were made as previously described.5 6 Right ventricular volume index was computed according to the formula of Lev where RV = right ventricular volume index, TA = tricuspid valve ring to apex length, P -RV, = RV inflow tract partial perimeter (measured from the moderator band to the base of the anterior papillary muscle along the RV free wall), PA = pulmonary annulus to apex length, P -RVO = greatest circumference of right ventricular outflow tract perimeter. Actual volume was calculated from this volume index using a regression equation based on chamber cast studies" as RV = 2.759 + 0.011 (TA) X (P -RVI)2 + 0.065 (PA) X (P -RVO)2
Abbreviations are as given above for right ventricular volume index. All linear measurements and circumferences were expressed in cm and all volumes in ml.
Analysis of Data
Autopsy measurements were plotted against corresponding angiographic measurements; mean, SEM, SEE and regression equations were determined for each comparison. Linear regression and logarithmic transformations of X and Y, or both, were used. Although for some measurements the highest r value corresponded to other than the linear function, the r values for linear functions were so close that these were used to simplify the comparisons. In no case did the r value differ by more than 0.02. Using the t test for paired data, angiographic and autopsy measurements, as well as age and body surface area (BSA) at angiography and autopsy, were compared. Data for right ventricular outflow circumference and volume were also analyzed, excluding patients who underwent outflow resection and outflow patch (including Rastelli procedure) between angiography and autopsy.
Regression (table 3) Age and BSA at angiography were lower than at autopsy (p [diff] < 0.001 and < 0.025, respectively), but differences in younger patients tended to be less than in older ones. the end-systolic angiographic value. Excluding patients with outflow resection did not improve the correlation; in fact, r values were lower (0.78 for enddiastole and 0.74 for end-systole, n = 42). Three lesions were present in enough patients to consider them separatelyatrioventricular canal in 11 patients, tetralogy of Fallot in seven patients and left ventricular pressure overload (aortic stenosis and coarctation of the aorta) in nine patients. Correlation of angiographic and autopsy right ventricular volumes for atrioventricular canal was similar to the total 5 P< .05 For tetralogy of Fallot, correlation was better than for the total group (r = 0.88 and 0.93 for enddiastole and end-systole, respectively). For left ventricular pressure overload, the correlation was striking (r = 0.99 for both). For both tetralogy of Fallot and left ventricular pressure overload, autopsy and endsystolic angiographic mean values were similar, but end-diastolic angiographic values were higher (p [diuff < 0.001 for both). For all comparisons, r values were highly significant (p [corr] < 0.001 for all).
Discussion
Although several studies of autopsy dimensions of the normal human heart are available,6"-nonstandard-ized techniques for handling and fixation of hearts have resulted in wide variation in "normal" values. Since "normal" autopsy data are being used to judge the adequacy of surgical repair in at least one common form of congenital heart diseasetetralogy of Fallot0it is not just of academic interest to attempt to correlate autopsy with in vivo measurements. We have shown that controlled-pressure coronary artery perfusion fixation of the heart results in predictable morphologic alterations of the rigor mortis-contracted left ventricle,' providing a basis for meaningful quantitative analysis of the left ventricle at autopsy. In the present study of right ventricular dimensions we used the same methods.
Correlations of autopsy and angiographic right ventricular dimensions in this study, although highly significant, were, in general, lower than those for similar left ventricular measurements.' Two factors may account for this: the irregular shape of the right ventricle and the effects of surgery. Unlike the left ventricle, which is smooth-walled and where the projected angiographic images approximate the shape of an ellipse, the right ventricle contains more prominent trabeculi and muscle bundles and conforms to no simple geometric shape. For this reason, although cast studies have validated the application of formulas for volume calculation based on geometric figures,4' , most investigators prefer to apply Simpson's rule to calculate right ventricular angiographic volume. Because of the irregular shape, positional changes secondary to dilatation of the right or left heart make recognition of landmarks for angiographic measurement of right ventricular outflow circumference, TV circumference and inflow length particularly difficult. Distortion of the outflow tract, as is seen in tetralogy of Fallot due to deviation of the conus septum, also presents problems in standardization of methods of measurement. Perhaps the greatest difficulty is in postoperative patients. Routine open heart surgical procedures are usually performed on the right heart and have the potential to affect the left ventricle far less than the right ventricle. Patients who underwent resection, patching or grafting in the right ventricular outflow tract between angiography and autopsy can be expected to have alterations in autopsy outflow circumference measurement. This should affect not only this dimension, but autopsy right ventricular volume calculation as well. Since outflow circumference is squared in calculation of autopsy right ventricular volume, volume calculation is greatly affected by outflow circumference measurement. In this study correlation of volume measurements was influenced only slightly by inclusion of patients with outflow surgery, but in an individual patient there might be a considerable effect on calculated volumes. The correlation coefficients are highly significant for all measurements, even though a wide variety of lesions was grouped together. It seems reasonable to expect that in different lesions with different degrees of right ventricular dilatation and/or hypertrophy, and in lesions with normal right ventricles, the amount of postmortem shrinkage and subsequent distention with pressure fixation should vary. This variation no doubt contributed to the scatter observed in this study. As shown for right ventricular volume, at least in two types of congenital heart disease, correlation is improved when patients are grouped according to type of defect.
Although contrast angiography remains the "gold standard" for quantitative study of in vivo cardiac dimensions, two-dimensional echocardiography may provide even better quantitative data for comparison with intraoperative and autopsy measurements. 
